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WIREL ESS MULTIPLEX DATA TRANSMISSION SYSTEM , 

This invention relates to a method and apparatus 
for wireless transmission of datq through a 
communications channel comprising at least two local 
5 data sensors an$2 a data processing function to receive 
data from the local sensors. A non-limiting example 
of the application of the method is in the field of 
automotive diagnostic equipment and related automotive 
service equipment. A particularly practical 

10 application of the invention is to noise vibration 
harshness (NVH) analysis of automotive and other 
machines to enable two or three-dimensional location 
pinpointing of vibration sources, for example in 
automotive warranty investigations and indeed in many 

15 other machine applications. Further examples of the 
application of the invention arise in relation to 
business operations for the wireless transmission of 
data, for example, across a room. 

The invention also provides a method and 

20 apparatus for vibrational analysis of a machine or 
other article permitting three-dimensional positional 
co-ordinate identification of a source of vibration. 

In this specification and the claims, references 
to local data sensors are to be interpreted in 

25 accordance with the following, namely that the sensors 
may transmit raw data for subsequent processing or one 
or more of these may incorporate some degree of 
primary data processing whereby the data received at 
the main processor is partially or totally pre- 

30 processed or indeed raw data. 

In the field of automotive diagnostics and 
servicing there has been for a good many years a 
requirement for a step forward in terms of the 
transmission of diagnostic and servicing data from 
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data sensors to a data processing function which 
operates to analyse and/or display the corresponding 
data for use by a person carrying out servicing and/or 
diagnostic functions on a motor vehicle. 
5 Conventionally, the data is transmitted from the data 
sensors to the data processing function via 
conventional conductors or cables which impose obvious 
inconveniences and limitations on the convenient 
operation of the equipment. Attempts have been made 

10 to reduce these drawbacks in several ways. Firstly, 
various proposals have been made to simplify the use 
of cable connectors as such. For example, one 
proposal in this regard provides for a system in which 
a boom-mounted data-handling sub-unit is conveniently 

15 manoeuvrable to a location close to the automotive 
sensors and is thus linked to them by relatively short 
cable connections. This arrangement undoubtedly does 
reduce somewhat the inconvenience of the cable 
connection systems but by no means eliminates it. 

20 Various attempts have been made to achieve 

effective wireless transmission of data between 
automotive data sensors and a corresponding data- 
processing and/or display function but these have been 
relatively unsuccessful. The main shortcoming of such 

25 prior proposals has been the sheer volume of data, and 
the composite nature of the data (such as a mixture of 
data types eg digital and analogue) . A further factor 
among the shortcomings of these prior proposals is 
also the composite nature of the data bandwidths to be 

30 transmitted. Such data needs to be transmitted and 
has conventionally been handled by a harness of 12 or 
more conduction cables. By adopting conventional 
wireless transmission systems for such data 
communication there is immediately a problem of 

35 excessive bandwidth requirements arising from the fact 
that some at least of the data sensors for this 
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times) and to individual channels within the groups (at 
transmission times) so as to increase throughput and reduce 
packet loss. For bursty traffic, the use of channel groups 
reduces the packet loss by several orders of magnitude. 

EP 0 515 728A2 relates to a wireless indoor relay 
system, AU-A-18143/88 relates to a wireless data 
transmission link and notably a protocol for establishing 
a duplex link between first and second data link devices. 

Other known references include: 

GB 2295070 

EP 0483549 

EP 0268492 

US 5509013 

US 5448759 

US 5363370 

US 4,738,133 discloses a system for wireless 
transmission of multiplexed data from a plurality of 
transducers. 

US 5,509,013 discloses a multiplexer control system 
for multiplexing the data from a plurality of input 
channels having different transmission speeds. 

DE 4106572 discloses a system for contact-free 
measurement of object oscillations by directing laser light 
onto the object and detecting reflected light at plural 
spaced sensing heads so as to locate the point on the 
object from which the reflections are emanating. 

According to the invention there is provided a method 
and apparatus for wireless transmission of data through a 
communications channel between at least two local data 
sensors with optional primary data processing and a data 
processing function, as defined in the accompanying claims. 

In a described embodiment, there is provided a method 
and apparatus in which the ste;p of multiplexing division of 
the communications channel is effected asymmetrically, 
whereby the data carrying capacities of the sub-channels 
are unequal . Likewise in the embodiment , the data rates 
required for data transmission from the local sensors 
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differs substantially between the at least two sensors. 
Likewise also in the embodiment, the step of allocating 
data from the local data sensors to the data transmission 
sub-channels is effected in accordance with the data- 
carrying capacities of these sub-channels. In this way 
there is achieved within a 
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the sensors to the frequency sub-channels accordingly. 

In another important embodiment, the multiplexing 
control system divides the data communication channel 
on a time-division basis and likewise divides the data 
5 streams accordingly. 

The reference above to "multiplexing 11 has been 
adopted to draw attention to the fact that references 
in this specification and in the claims to 
"multiplexing" are intended not to be limited strictly 
10 to non time-overlap or signal-chopping systems (such 
as would be obtained with a distinct signal-chopping 
technique) . The term "multiplexing" in thi's" 

description and the claims includes the provision of 
multiplexing systems which are adapted to effect 
15 multiplexing on an interdigitated and non-chopping i 
data-allocation basis in which a degree of data ^ 
element transmission time-overlap between channels is 
permitted. The data allocation systems for data- 
division between available channels can be readily 
20 designed accordingly by the technically skilled person 
so as to, in this way, more readily meet the technical 
parameters imposed on the system, as described below. 

In a yet further embodiment, the multiplexing 
system achieves its channel division on a packet- 
25 switching basis and the interleaved data packets are 
distributed on an unsymmetrical basis. 

In the embodiment, there is provided a radio 
frequency data rate of 1 to 4 Mb (megabits) per 
second. The multi-channel system can accommodate the 
30 requirements eg for the transmission of data for 
operating an oscilloscope system for engine analysis. 

While the described embodiments utilise radio 
frequency transmission, the principles of the 
invention may well be applicable outside radio 
35 frequencies. 

An important aspect of the invention relates to 




vibrational analysis of machines and other articles and 
products and systems . In accordance with this aspect of 
the invention a vibration sensor, for example an NVH 
(noise vibration harshness) sensor is mechanically coupled 
5 to the machine or other article to three-dimensionally 

locate a source of vibration in a machine or system. Such 
a sensor may be just one of the local sensors in the 
wireless transmission system of the other embodiments, or 
it may be provided with its own cable or other transmission 

10 channel for its vibration signals. 

In order to three-dimensionally locate a source of 
vibration, the vibration signals are monitored at three or 
more positionally-def ined locations of the sensor. In the 
preferred embodiment the sensor is provided with its own 

15 three-dimensional location or co-ordinate-defining system 

(utilising spaced infra-red sensors), so that the sensor's 
location at any given time is readily defined. 
Alternatively, the sensor may be caused to sense at three 
known locations, or three sensors may be provided, one each 

20 at three such locations. 

Embodiments of the invention will now be described by 
way of example with reference to the accompanying drawings 
in which: 

Fig 1 shows a functionality block diagram for a high 
25 speed RF data link, including both the frequency 

multiplexing system (of Figs 2 and 3) and the time-division 
multiplexing system (of Figs 4 and 5 hereof) ; 

Figs 2 and 3 show block diagrams of the transmitter 
and receiver functions of the system of Fig 1 as it applies 
3 0 to a frequency multiplexing system; 

Figs 4 and 5 show block diagrams of the transmitter 
and receiver functions of the system of Fig 1 as they apply 
to a time-division multiplexing system; and 
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Fig 6 shows a three-dimensional representation of 
a further embodiment in which a local vibration sensor 
li lts own three-dimensional imaging or loca io 
system whereby the single sensor can rapidly 
positional^ locate a source of vi*r.t«"- 

As shown in Fig 1, a system 10 for wireless 
transmission of data through a communications chann 1 
12 between local data sensors 14, 

and a data-processing function or personal computer 
T to receive data therefrom, comprises the following 



10 



main elements. * *- n 

Firstly, as regards the local data sensors 14 to 
22 , as shown these comprise an engine tester 14 a gas 
be ch 16, a scanner IS and auxiliary sensors indicated 
IS as Aux 1 and Aux 2 . These sensors are intended to be 
representative of the entire range of automotive 
sensors wnich are currently utilised for diagnostic 
and servicing processes, including for example 
a v hration sensors .for KPM testing, i.nit on and 
20 alternator ripple sensors (l^ewxse for « 
measurement,, emissions analysis sensors, battery 
analysis sensors and the like. 

indicated at 26 is the remote receive/transmit 
unit to which the individual sensors 14 to 22 are 
25 connected. The duplex (transmit/receive, oper t ng 
characteristics of this unit arise from 
the return transmission of data from the data 
processing function 2 4 for set-up purposes 

Broadly, the system comprises antennae 28 30 
,0 connected to receive/transmit functions 32 and 34 
within remote unit 2 6. Likewise, a receive/transmit 
unit or function 36 is provided for PC 24. A recexve 
buffer 38 and a controller 40 serve to interconnect 
the transmit and receive functions 34. 32 to a series 
35 of RS-232 interfaces 42 to 50, each connected 
respective one of the local sensors 14 to 2 2. 
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ao a a 46 48 and 50 are serial 
interfaces 42, 44, ^o, 

Hflina for serial communication between 
interfaces providing for sen* «. irtn 32 34 

the sensor and the receive/transmit funct ion 32 34 

^ ™froller 40. Interface 42 is a 
via buffer 38 and controller 40 48 

5 nigh speed serial interface. ' „ are 

an d 50 are RS-232 interfaces r ; £errlng 

• in Fia 1 as "UART1 and "UART2 , reieir 

r^n" fultion as universal asynchronous 
Teceiver transmitter devices <or interfaces or 

10 serial transmission of data^ ^jJ^ZZs 
^^n^r 40 provide data processing 
controller hv f- for the 

4- the inflow and outflow of data for 
relevant to the inf 1 „ 10 as wi n 

rtuolex operating characteristics y 
T more fully described below in relation to Figs 2 
15 r land, Accordingly, the details of these aspects 
" of the system 10 will now be described further with 

reference to ^^^'^ RX buf fer 3B and 
As shown in Figs > , . nal 

„4/io data processing/signal 
controller « ^ L re fully described 

20 conditioning functions x.o 

bSlOW ' k in Fie 2 inputs from the individual 

As shown m Fig 2 I P ^ 

-i a fn 99 are indicated at 52 ana ^ 
:re r d S 41nr:.. a and tenser ---ate «~ ~ 
25 system can accommodate X. indivi ua P u« 

The main function of controller 1 ^ hannel 
, multiplexing function whereby communication channel 
12 "s d viaed into x. sub-channels on a frequency 
b asis these channels being of unequal band width and 
30 beil ' allocated according to band widt, ^« ba d 
width for greater band width requirement) 
individual data channels X to 16 

interfaces 42 to 50 in Fig X provide the g 
conditioning funct- indic^, ^ * - ^ 
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conversion, secondary (low frequency, frequency 

conversion ana sub-channel cognation 

Each function operates in relatxon to ail 16 sub 

channels. . AO 

The sub-channel combination function at 62 

produces a serial data stream which is fed to the RF 
produc ion 34 and thus to the helical or 

transmitter runctiun 

other suitable antenna 28. 

A further function of controller 40 is to append 
the relevant sub-channel number to each 
raw data so that this data stream can be routed to the 
relevant virtual serial port of PC 24 after radxo 
transmission between antennae 28 and 30. 

in this embodiment, the multiplexing sub-drvision 
s of the data communication channel is provided on a 
frequency basis, whereas in the 

the multiplexing is effected on a "--i*"^"* 
as shown in Fig 3. RX buffer 38 provxdes the 
related inverse functions for signals received vra 
0 antenna 28 and receiver functions 32. These functions 
are indicated at 64 and 66 and 68 and corr«P«-. 
respectively, with the functions 62, 60 and 8 
respectively in Fig 2. No further descrxpt.on is 
therefore deemed necessary. 

In operation, data from sensor 14 to 22 (or 
indeed from the 16 sensors indicated in Fig 2» is 
processed in accordance with the functions 56, 58, 60 

t?i„ o The data streams are 
and 62 as shown in Fig 2. The oa 
allocated to the 16 sub-channels indicated 

« • t?i„ i The allocation is 
30 diagrammatically at 64 in Fxg 2. The 

effected in accordance with the known data rate 
requirements of the individual sensors, accor ding to 
their Known uses. In general terms, the band width of 
each sub-channel is matched to comfortably 
, 5 the data rate requirements of its respective data 
stream, but without the over-provision which tends to 
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occur in certain cases with conventional use of 

conventional data -^i- of 

Tnrninq now to the time qj.vx=» 

Turning described above in 

V- "t" — .c-r-^ly in 

relation to Figs z dllu 

""t^T Toir.^is «- 

cent oner function 40 aiffers fro„ that of Fi, 2 in 

--a^ 

z,^:^ :T rr:l; 

b ased multiplexing of rigs J «-^. 
analogue-to-aisital conversion functio P ^ 

data fro* switch function 66 and 

™„troller 70 (an asynchronous 16C54 
„ications element, « » * - - 

) switch 66 m ^ vo -| S the sub-channel 

^ultipiexing function which control >J*» ^ 

„ apiHes in accordance with the require 
IZ.T£Z»« input. * related control function 

74 is provided ^ ^ --rrtrprocessing function 
5 24 in^" ^ a"ta via antenna ,0 ana receiver 
^ trough a decoding f unction ,6 shown ^ ^ - 

•^■i^rt ^ microcontroller va coiiwf 
comprising a IUi . ^ ^^it-al-to- 

• controller 70 which feeds data via a digital to 
microcontroller /v 

,0 analogue converter 80 to workstation of PC 24 
30 analog produce s a channel message 82 for 

microcontroller " . lnpate the decoded 

th. worKstation enabling sa„e to allocate th 
data stream to respective virtual serial ports set 
in the PC for aata analysis and display purposes. 
35 "^.ni. e^odi.ent allocates data streams to 
respective aata channels on the sa»e principle 
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described above but on a ti-.-dlvi.ion basis instead 
of a frequency-division basis. 

in a further embodiment, not shown, in which a 
pacXet-switching data transmission technique , i. 
B employed, the allocation of data streams to P-^-£ 
effected asynchronously in accordance with the 
matching of data rate to sub-channel capacity 
discussed above, thereby producing the corresponding 
asymmetrica! interleaving of the 

in the frequency-multiplexed embodiment of Figs 
2 and 3, a modification may be employed whereby spread 
spectrum frequency division is utilised thereby 
reducing or eliminating the requirement to label the 
sub-channels by means of identifying data. 

Amongst other modifications which could be made 
in the above embodiment are the following. Firstly, 
it is to be understood that the local sensors may be 
adapted to produce analogue signals or digital 
signals. Usually, analogue signals will be produced 
20 nd conversion to digita! will be effected in the 

<„„ staae Nevertheless, it may be 

data-processing stage. , t 

beneficial for certain applications or in the future 
to employ sensors producing digital signals, and in 
some cases both digital and analogue-type sensors 
25 could be employed, these transmitting their data 
through their respective sub-channels. 
is to be understood that while the invention has been 
discussed and defined by reference to specific sub- 
channels and the allocation of data from sensory . to 
3c respective ones of these, it is to be understood that 
a sensor producing a high data-rate may for that 
purpose have allocated to it a number of sub-channels 
or thus a group of sub-channels accordingly. 

Turning now to the embodiment of Fig 6, 
35 shows a system 100 for vibrational analysis of an 
automotive vehicle 102 to enable three-dimensional 
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a source of 



iocation or co-ordinate-identif ication of 
vibration. Thus, the apparatus of Fig 6 may be 
employed for rapidly enabling nation of sgueaks or 
rattles or more serious vibrational symptoms. 
. ror this purpose there is provided a local 

vibration sensor 104 which forms one local sensor of 
vifcrax-xon =» „ riP^rribed above and 

an embodiment of the invention described 
thus is provided with a link (not shown) to the 
^reless transmission system of the preceding 
bodiments Alternatively , the sensor 104 may be 
10 with its o»„ dedicated vibrational analysis 

"system (not shown, in the case where it is desired to 
iise it as a stand-alone system. 

incorporated as part of the local vibration 
1 ■* 104 ls a three-dimensional location 
15 loe having 

Lfra-red light emitting diodes (LEDs) 108, 110, 112- 
Transmitter 10. forms part of a three-dimensiona 
optical localisation system 114. Such systems are 
from image Guided Technologies Inc of 
20 Tori e corrldo US*. Technology of this Kind is 
de-ribed in US 5,e22,170 , SchuW Xmage Guided 

Technologies Inc). -^-i 
system 114 comprises a moveable ^ee-dimensional 
25 positional receiver 11, having infra-red LEDs 

! 2 0 122 adapted to communicate with the LEDs 108 
Receiver lie communicates with persona 
computer 124 and with a positional interface 126 and 
a sensor interface 128, performing decoding functions. 
30 The three-dimensional optical localisation system 

114 enables the co-ordinate location of vibration 

• fo be readily identified, 

sensor 104 at any given time to be rea y 

As a result, the single sensor 104 can be 
j three or more locations while its 

35 :::: :::: z»r. m ^ -m~- - 

^ thP ^receding embodiments, 

with the procedures of the prece 
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enabling the source of a vibration signal within 
vehicle 102 to be identified in terms of its co- 
ordinate location. 



